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concept integration
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ACTIVITY 1: Observe the phenomena
https://teacher.desmos.com/activitybuilder/custom/61827677ea59770a1ada8332

ACTIVITY 2: Represent the phenomena
https://teacher.desmos.com/activitybuilder/custom/6182738298fcb5dbfae73882

ACTIVITY 3: Integrate languages/descriptions
https://teacher.desmos.com/activitybuilder/custom/618277f16591badbf9eelfbe



Genuine understanding is most likely
to emerge...if people possess a
number of ways of representing
knowledge of a concept or skill and
can move readily back and forth
among these forms of knowing.



W= Fdcos 6

key concepts in Work / Energy

The concept of Work

Positive or “Negative” Work

Kinetic Energy

Conservative forces and Dissipative forces
Friction / Air resistance

Potential Energy

Power

Integral along a path ...




key concepts in Work / Energy FORCE
AND POWER

e The power ..




key concepts in Work / Energy

potential energy

e Conservation of Energy




key concepts in Work / Energy

274 gm = .274 kg 568.2 cm = 0.582 m

e Not conservative forces . g Balance the energy checkbook
Myiock r_b"‘oitl Hanging mass starts out with potential
On Level Swface energy PE = mgh, which it loses as it
T drops. Part of that goes into the kinetic
B Fromn energy of the hanging mass which is lost
frict - to the system when it hits the surface.
i y:;?;nagamst h The remainder goes into work against
ANGING  riction. The total energy must remain
Epav K M0k 99 block masMs‘\ the same.
Q 150.2 gm = 0.1502 kg
Fgict = M1 * Foomn Frit = M2 * Foomn z:::g;‘a' :
Fﬁ(t =plom-s.(°se Fﬁid,-_-"zam-s : h‘—300m=0.3m

|
slic "V timetodrop=0.6s




e Dynamics “problems” ...

0
W4 PEq+ KEf= 3279 KE+ Eost



key concepts in Work / Energy

e Potential Energy

lastic Potential Ener _
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Conceptual ideas
and skills about
work-energy
process that
students have to
know/possess

Choosing a system—the object or objects of
interest for the process being considered;
Characterizing the initial state and the final state of
the process;

Identifying the types of energy that change as the
system moves from its initial state to its final state
and the signs of the initial and final energies of
each type;

Deciding if work is done on the system by one or
more objects outside the system as the system
changes states;

Developing the idea that the initial energy of the
system plus the work done on the system leads to
the final energy of the system—the energy of the
universe remains constant;

Constructing an energy bar chart—a qualitative
representation of the work — energy process;
Converting the bar chart to a mathematical
representation that leads to a problem solution.




Qualitative work — energy bar charts that serve the same role for

analyzing work — energy processes as motion diagrams and force
diagrams serve when analyzing kinematics and dynamics problems.

The use of these bar charts helps students think more about the physics of a
work — energy process rather than relying on formula-centered techniques that
lack qualitative understanding.
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View animation: https://www.physicsclassroom.com/mmedia/energy/hw.cfm


https://www.physicsclassroom.com/mmedia/energy/hw.cfm

Initial speed = 10.0 m/s . . .
* 4i> 4i> <i> <i>
Skidding dist — 50 m 3 R & S :

Initial speed = 200 m/s T OTT
* (ii 1;> 4-;) +~r
Skidding distance = 20.0 m :

Initial speed =300 m/s T OTT
& 4;> 4';) iib +r
Skidding distance =450 m :

View animation: https://www.physicsclassroom.com/mmedia/energy/cs.cfm


https://www.physicsclassroom.com/mmedia/energy/cs.cfm

https://www.physicsclassroom.co
m/Physics-Interactives/Work-and-
Energy/Work-Energy-Bar-Charts/W
ork-Energy-Bar-Charts-Interactive

TEST YOURSELF!


https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-Bar-Charts/Work-Energy-Bar-Charts-Interactive
https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-Bar-Charts/Work-Energy-Bar-Charts-Interactive
https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-Bar-Charts/Work-Energy-Bar-Charts-Interactive
https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-Bar-Charts/Work-Energy-Bar-Charts-Interactive




The work—energy problem is originally
described in the detailed sketch.
Students are asked to convert the
sketch into a qualitative bar chart —a
bar is placed in the chart for each type
of energy that is not zero, and the sum
of the bars on the left is the same as
that of the bars on the right.

Then the generalized mathematical
work—energy equation without any
numbers is set up with one energy
expression for each bar on the chart.

Notice that the work part in the bar
chart is shaded so as to distinguish
conceptually between work and
energy, that is, work is a process
quantity, but energy is a state quantity.
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Initial Energy + Work = Final Energy
Ko+ UptUp+ W = K+ U+ U+ AUjupicson

Apply the work-energy equation to the
process represented above.
1

3 kd: = -;-mvz +mgy
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The different systems are chosen for
the same physical process.

(a) The cart, the spring, and Earth are
in the system.

(b) The cart and the spring are in the
system, but not Earth.

(c) The system includes only the cart.
For each chosen system there is one
work—energy bar chart and the
corresponding generalized
work—energy equation.

In practice, it would be easy for
students to use a system that includes
Earth and the spring, although the
choice of the system does not affect
the physical results.
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Initial Energy+Work=Final Energy

‘f.+u,.+u,,+w =“K+ Ug# U+ AU g srction

.

H Yo=0
S Yo=0 =
Earth
Initial Energy+Work=Final Energy

‘f,,#U,.éU.#W sﬂxd- Up+ U AU prcromy

b Yo=0
vp=0 Earth
Initial Energy+Work=Final Energy

Ax.tu,.fu.,ﬂv 7;‘+ U+ U AU gy psuon

0
Apply the work-energy equation Apply the work-energy equation Appiylhewotk-ctmgyeqnm
to the process represented above. 10 the process represented above. to the process represented above
%kxg --;-mv2 +mgy -;-kxo-mgy z%nv’ Wspring ~M8 ¥ -%mvz
(a) (b) (©



The physical processes involve
friction.
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A point-particle block slides to a
stop on a floor with friction. The
system includes only the
point-particle block. So the floor
exerts an external frictional

force on the point-particle block,

and this frictional force does a
negative amount of work, which
has the same magnitude as the
block’s initial kinetic energy.

A real car skids to a stop on a
rough road. The car is the only
object in the system. Thus the
road that touches the car
causes an external frictional
force and a difficult work
calculation

And now? ..
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Initial Energy+Work=Final Energy Initial Energy+Work=Final Energy Initial Energy+Work=Final Energy
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(a) (b) (c)




The child initially at rest slides down
a slide and is moving at the bottom
of the slide.

‘.*U’Q'U-ﬁ W= X+ U + U+ AU--“,
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Applylhewkmequﬂlon

For the given work—energy
process, students are asked to
construct the detailed sketch,
and then convert it to an energy
bar chart.

Finally, they use the bar chart to
apply the generalized
work—energy equation.



Verbal Representation

Pictorial Representation

Initial Energy+Work=Final Energy
‘f,+u,,+v.,+w 7\’“ Ug+ U+ AU uiricsion
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Mathematical Representation

Verbal Representation

Inittal Energy+Work=Final Energy
K,+U,,+U.,+W -‘K" U.#U.*AU-(W

Mathematical Representation

(10kg)(10 m/s>)(20 m sin 35°)
=0.5k (20m)* + (30 N)(20 m)







